Introduction
Impatiens parviflora (I. parviflora) is an extremely widespread species found as a native in many locations in Asia [1] . Introduced to Europe, it has naturalised in temperate parts of the continent [2] [3] [4] . In Northern Europe, the invasion of I. parviflora started later than in the rest of Europe, which might be related to colder climate conditions [5] [6] [7] [8] . In Lithuania the first records of this species were three decades later [9] than in neighbouring countries Poland and Latvia where the presence of I. parviflora was documented respectively in the 1850s and 1895 [7, 10, 11] . In addition to the dynamics of spread geography, time-related ecological differences could be seen in the invasion process of this species. Sites first invaded by I. parviflora were human settlements like city parks and roadsides [4] and only later on did this species start to spread to the forest [12] . Such transformations of I. parviflora habitat were documented for Lithuania in the middle of the former century [13] . Within recent decades I. parviflora became one of the most aggressive alien plant species of Lithuania [14] and it is widespread in the other Baltic States [6, 11] .
Genetic adaptation is among the traits that increase the probability of invasion [15, 16] . Reviewed by Cross et al. [17] and Dormontt et al. [18] , populations of various alien species might be distinguished by amplified fragment length polymorphism (AFLP) [19] [20] [21] , by random amplified polymorphic DNA (RAPD) [22] [23] [24] , by microsatellite/simple sequence repeat (SSR) [25] [26] [27] [28] [29] and by inter simple sequence repeat (ISSR) [24, 30] loci. Among Balsaminaceae, the biggest variety of molecular markers, including nuclear microsatellites [25, 31] , chloroplast microsatellites [25] and RAPD [32] were applied to Impatiens glandulifera. Genetic variation among populations of native European Impatiens nolitangere was estimated by AFLP and ISSR markers [30] . For Impatiens parviflora, only a pilot study evaluated the genetic diversity defined by AFLP [33] .
Numerous investigations have been performed explaining the reasons and mechanisms of invasion success of I. parviflora [4, [34] [35] [36] [37] [38] [39] . Much attention was paid to quantification of environmental factors of I. parviflora: soil [12, 40, 41] , climate [41, 42] , biotic interactions [36, 43, 44] , anthropogenic influence [38, 42] , community structure [12, 16, 45] and geography [7, 36, 37, 46] . Nevertheless, habitat features of I. parviflora remain poorly related to genetic structure.
To date, throughout the world no population studies are documented employing SSR or RAPD analyses for I. parviflora. The objective of the present research was to evaluate genetic variability of Lithuanian populations of I. parviflora by genetic markers and to relate these data to site characteristics.
Experimental Procedures

Location of sampling sites
On the basis of availability of plants, 21 sites of I. parviflora were selected in order to cover all the territory of Lithuania ( Figure 1) .
The populations were named after geographical names of the sites. Sampling sites were either settlements (cities, towns or villages) or forested areas (Table 1) . To study the probability of independent invasions, several populations close to each other but fragmented by important roads or rivers were selected. These population clusters were either near the sea or in big cities. Distances between populations ranged from four to 333 km.
Between populations the length of the East-West transect was 333 km with the terminal sites Svencionys (26°09') and Palanga (20°59') and the corresponding South-North distance between Druskininkai-Ratnycia (53°59') and Zagare (56°21') populations was 268 km. Altitude differences among sites were not big and ranged between 40 m (Juodkrante) and 90 m (AnyksciaiTraupis).
Climatic parameters were recorded from the meteorological stations closest to the sites. Among populations annual mean temperature, mean temperature of vegetation period, annual rainfall and rainfall during vegetation period ranged respectively 6.0-6.8°C, 11.7-12.5°C, 680-963 mm and 530-793 mm. For each site several environmental features were recorded: water source and its proximity (1 -overmoistured site, 2 -parallel to the dike/ditch/ stream, 3 -50-100 m from the river bank, 4 -no water basin in the vicinity); light intensity estimated by the life form of neighbouring plants (1 -open place with shrubs/separate trees, 2 -park/forest); traffic intensity/road vicinity (1 -along blacktop road with intensive traffic, 2 -along blacktop road of the city/ town with low intensity traffic, 3 -along the road without blacktop in the forest); proximity to human buildings (1 -in yards of estates/houses/farms, 2 -absence of any type of building). According to their size (estimated as length of transect [47, 48] through the population) populations were divided into: 1 -small size (<100 m), 2 -intermediate size (100-500 m), 3 -big size (500-1000 m), 4 -very big size (>1000 m).
Sampling was carried out from July 21-August 1, 2010. In each site 15 plants were selected to reflect the largest distance, microhabitat and morphology differences. Tops of the plants containing 3-5 leaves were cut. Healthy leaves without mechanical and biotic damage were sealed in separate bags, cooled, transported to the laboratory on the same day and frozen.
DNA extraction
Total genomic plant DNA was extracted from frozen leaves using DNA Purification Kit, #KO512, (Fermentas, Lithuania), following the manufacturer instructions with RNase A/T1 Mix #ENO551 (Fermentas, Lithuania) addition as described earlier [32] . The concentration and quality of DNA samples were estimated with a spectrophotometer (NanoDROP 2000, USA) and by gel electrophoresis.
SSR analyses
For SSR analyses, 6 primer pairs (Metabion International AG, Germany) of I. glandulifera were used ( 
RAPD analyses
For RAPD analysis, 8 oligonucleotide primers of 10 bp length were used (Biomers.net GmbH, Germany; Table 3 ) and PCR were performed as described for I. glandulifera [32] . The reaction products were fractionated by electrophoresis in 1.5% agarose gel and stained with ethidium bromide. Table 2 . Size (in bp) and number of DNA bands generated by SSR primers per population and characteristics of SSR primers used for I. parviflora.
Statistical analyses
present [50] . The variance components and their significance levels for variation among and within populations were obtained from the RAPD data of the same 315 individuals as for SSR markers. The percentage of polymorphic bands (% P), Nei's gene diversity (h) and Shannon's index for genetic variation (I) as indicators of molecular diversity and Analyses of Molecular Variance (AMOVA) were performed using Genetic Analysis in Excel (GenAlEx) v. 6.4 [51] . RAPD based genetic distances (GD) among populations [52] were estimated in the PopGene program. Unweighted pair group method with arithmetic mean (UPGMA) was applied and dendrograms were prepared on the basis of GD. 
Results
Microsatellite DNA loci
Five out of 6 SSR primer pairs generated DNA bands of 98-148 bp (Table 2) . No DNA bands were generated by primer pair IGNSSR104 and EF025992. The shortest DNA fragment (98 bp) was amplified at the IGNSSR101 -EF025990 locus, while the longest one (148 bp) was generated at the IGNSSR203 -EF025994 locus. Four out of 5 primer pairs have generated 1 allele per locus and only one primer pair (IGNSSR210 and EF025995) formed 2 alleles. For all examined Lithuanian populations of I. parviflora (315 individuals), a test of conformity of locus IGNSSR210-EF025995 heterozygosity levels to the Hardy-Weinberg equilibrium revealed inbreeding coefficient (F IS )=-1, observed heterozygosity (HO)=1 and expected heterozygosity (HE)=0.5172 (P=0.0002).
Characteristics of loci obtained by RAPDs
For population studies 8 RAPD primers (with annealing temperature 32-36°C) were selected (Table 3) . There were primers which did not produce DNA bands for some populations: OPA-20 (Karkle, Panevezys, Jonava-Upninkai), OPD-20 (Vilnius-Verkiai, VarenaZiurai, Alytus, Kaunas-Zaliakalnis, Zagare, JonavaUpninkai), 250 (Jonava-Upninkai, Jonava), 340 (Preila) 516 (Vilnius-A.Paneriai, Svencionys, DruskininkaiRatnycia, Preila). The number of DNA bands generated by different primers for separate populations was up to 20. On average, populations produced from 2 DNA bands (by OPD-20 primer) up to 9 DNA bands (by 474 primer). DNA bands generated by single primers for all populations were between 21 and 42, totally comprising 218. The size of the DNA bands produced by the same primer differed from 4.4 times (primer 516) up to 13.3 times (primer 222).
Molecular variance within populations and among populations according to RAPD markers
Percentage of polymorphic loci amplified by individual primers per population ranged from 0 to 64 (data are not shown in the tables). For individual populations the number of polymorphic DNA loci generated by all primers ranged between 16 and 85, the mean being 45 (Table 4) . The least polymorphic (7.3%) was the population growing near the sea (Preila population) and the most polymorphic (39%) was the population in the central part of Lithuania (Kaunas-A.Sanciai). The mean value of polymorphic DNA loci percentage per population was 21% (data are not shown in the tables). At the species level, all DNA loci (218) were polymorphic. The lowest Nei's genetic diversity (h=0.052) was observed for the easternmost population (Svencionys population) and the highest for another Eastern population, Jonava (h=0.141). The mean per population was 0.095. Extremes of Shannon's index (I; 0.079 and 0.225) were characteristic of the same populations as in the case of Nei's genetic diversity and the mean value for Shannon's index per population was 0.146 (data are not shown in the tables). The molecular variance among populations was much higher than within populations (respectively, 79% and 21%; Table 5 ). As a measure of genetic variation, pairwise GD between populations ranged in the interval 0.135-0.435 (Table 6 ).
The most distinct pairs of populations according to GD were Varena-Ziurai and Alytus (GD=0.435), Svencionys and Varena-Ziurai (GD=0.426) and Alytus and Druskininkai-Ratnycia (GD=0.419), although their geographical distances were not the biggest. The shortest genetic distance was identified between the following pairs of populations: Jonava and JonavaUpninkai (GD=0.135), Plateliai and Palanga (GD=0.145) and Palanga and Anyksciai-Traupis (GD=0.158). In some cases shorter geographical distances corresponded to shorter genetic distances (Jonava and Jonava-Upninkai, 13 km and GD=0.135; Juodkrante and Preila, 19 km and GD=0.177), in other cases shorter geographical distances were related to intermediate genetic distances (among Kaunas populations: 7 km and GD=0.277; 4 km and GD=0.277; 6 km and GD=0.235) or to very big genetic distances (Druskininkai-Ratnycia and Alytus, 45 km and GD=0.419; Varena-Ziurai and Alytus, 37 km and GD=0.435). When evaluating all populations, their genetic distances correlated significantly with geographical distances (r=0.183; P<0.008).
Eight RAPD loci-based analyses of molecular variance among individuals within populations and among populations revealed that all 315 individuals were of different RAPD phenotype. All individuals were correctly allocated to populations according to a dendrogram based on their genetic distances According to all used RAPD markers, 56.5% of variation among the populations is explained by the first three principal coordinates (respectively, 20.3% by the 1 st coordinate, 18.6% by the 2 nd and 17.7% by the 3 rd ). RAPD-based principle coordinates 2 and 3 ( Figure 3) were more related to geographical location of populations compared to coordinates 1 and 2 or 1 and 3 (these data are not shown in the figures). Defined by PCA, the most distinct populations were Svencionys, Druskinninkai-Ratnycia, Zagare and all populations in the Western part of the country.
Population habitat features and polymorphic loci
Smaller populations (<500-1000 m length) were prevailing; bigger ones (500-1000 m length) comprised 38% and only a few (3%) were very big (Table 7) . According to the type of the water source and population proximity to it only 10% of populations grew in overmoistured sites, 47% of populations were located on the banks of ditches or in vicinity of rivers. For 43% of populations there was no visible water basin nearby. 66% of populations grew along park/forest edges and 33% in an open place with shrubs and separate trees. All populations grew near roads. The majority of populations (58%) was found along blacktop road with intensive or low intensity traffic, while the remainder grew along the road without blacktop. Estimations of human impact according to population proximity to any type of human shelter showed that 67% of populations were located in areas without buildings and 33% of the populations grew in backyards of estates/houses. According to the percentage of polymorphic loci, significant differences (P<0.05) were found between populations growing in overmoistured soil and without any visible water source in the vicinity. Classification of sampling sites according to the other habitat features did not reveal relations between traffic type, presence of buildings, light conditions, population size and the percentage of polymorphic loci. No correlations were found between percentage of polymorphic loci and geographical location or climate characteristics of populations.
Discussion and Conclusions
At the time when the most intensive invasion of I. parviflora to Central and Western Europe took place, research was mainly focused on invaders' geographical distribution, community structure and growth analyses [34, 36] while molecular methods of population analyses were at the very initial stage of elaboration [53, 54] . Recently performed studies of I. parviflora by AFLP comparing 2 morphologically distinct populations in Poland [33] failed to show relations between morphological and genetic traits. For the authors of the present study any other data from the literature about genetic variability of this species remain unknown.
Thirteen microsatellite markers developed for the Chinese endemic Impatiens lateristachys were successfully applied in the other 4 congeneric species [28] . Molecular systematics of Balsaminaceae employing ITS [55] , ImpDEF1, ImpDEF2 [56] and chloroplast atpBrbcL spacer [57] has shown that I. parviflora is closely related to I. glandulifera. To date, no special SSR markers are described for I. parviflora. This was the reason to employ microsatellites developed for I. glandulifera in our study of I. parviflora. According to the length of one SSR locus (IGNSSR203 -EF025994), I. parviflora populations from Lithuania were very similar in size of the amplified DNA fragments to those of I. glandulifera populations in Great Britain [31] . The remaining loci were either shorter by several nucleotides (IGNSSR240 -EF025997; 
IGNSSR101 -EF025990) or longer (IGNSSR240 -EF025997
). In terms of the number of alleles, much lower variability was recorded for I. parviflora growing in Lithuania when compared to the microsatellite data of I. glandulifera. One possible explanation of this observation might be species specific structure of the evaluated loci. All examined individuals in Lithuanian populations of I. parviflora were heterozygous at the IGNSSR210 -EF025995 locus (H O =1 and H E =0.5172). At the same locus all I. glandulifera individuals (10 individuals) from Wales were also heterozygous (HO=1 and HE=0.5263), while a different trend was obtained for I. glandulifera from Northern Ireland (HO=0.5000 and HE=0.3947). It shows that for evaluating heterozygosity, some SSR markers of I. glandulifera might be applied to I. parviflora and tested in a wider geographical range. Comparable data are not adequate to discuss differences in relation to a bottleneck effect [58] .
The absence of more detailed molecular analyses of invasive I. parviflora prompted the idea to use RAPD [59, 60] as a highly variable nuclear marker, providing information on genetic diversity [50] and relationships among populations of different origin [61, 62] . The value of this type of DNA marker for invasion surveys has been recently demonstrated for Erigeron annuus [22] , Lupinus polyphyllus [23] and Bunias orientalis [24] populations.
Numerous RAPD studies show correlations between genetic and geographical distance of populations [50] . This might not be true for invasive species where the natural spread is accompanied by anthropogenic (intentional or unintentional) dispersion of seeds. Some cases of our RAPD data might represent these effects: the most distinct populations of I. parviflora according to genetic distances were the Varena-Ziurai and Alytus populations or the Jonava and Jonava-Upninkai For I. parviflora the same RAPD markers were used as in an I. glandulifera study which was performed at the same time with similar assessment of geography and similar numbers of assessed populations and individuals [32] . These data allow us to compare molecular properties of 2 species. A different situation was observed for I. glandulifera: genetic distances among populations were shorter (ranging from 0.088 and 0.259) and no correlation was found between genetic and geographical distances of populations. Wide ranges of genetic distances were documented between populations of the other highly invasive species in Lithuania, Lupinus polyphyllus [23] , and resembled those obtained by us for I. parviflora. Shorter-interval genetic distances of I. glandulifera, previously investigated by us, resembled those obtained for populations of a species less invasive in Lithuania, Bunias orientalis [24] . These few cases suggest the idea to extend investigations of other alien species by estimating genetic distance size as a parameter of extent of invasion. Genetic distance-based dendrograms for both individuals and populations of I. parviflora did not show clear a geographical pattern. Results of principal coordinate analyses based on RAPD data to some extent reflected geographical location of sampling sites. Results were much less conclusive in the case of allocation of populations of I. glandulifera [32] .
A compilation of numerous studies using RAPD [50] has shown that annual, selfing taxa allocate most of their genetic variability among populations and our data support these findings. The RAPD markers-based variation (Φ PT =0.74) among populations of Lithuanian I. parviflora was very high. Environmental conditions differ to a greater extent between populations than between individuals in separate populations. Higher differences between populations according to the amount of polymorphic DNA loci might reflect bigger differences in site features [15] [16] [17] [18] . For I. glandulifera, studied by us in parallel, genetic differentiation between populations was much smaller (Φ PT =0.51) [32] . In our country, I. parviflora seasonal adaptations to local climate are much better developed when compared to I. glandulifera. I. parviflora starts intensive flowering in June, while I. glandulifera does so in July-August. In October I. parviflora commonly dies much earlier before the frosts start. Impatiens glandulifera usually survives till the frosts, which cut down stems with live flowers and ripening fruits. Better climatic adaptations for I. parviflora compared to I. glandulifera were documented comparing seedling growth in more southern countries of Europe [39] .
Databases concerning biology and distribution of small balsam I. parviflora in Baltic countries are not as old and detailed as in Central Europe [4, [35] [36] [37] [38] . Studies of this species in Latvia [7] indicate an alarming increase in the number of new location records within the last decades. I. parviflora was registered in the area comprising more than 5% of the territory of Latvia. According to Ministry of Environment of Lithuania Database of Lithuania list of Alien Species (www.am.lt) I. parviflora is included into the list of Lithuania Invasive Species (date of access: 16.11.2012). Exact quantification of the frequency of I. parviflora distribution in Lithuania was not among the goals of the present study, however our observations inevitably provided evidence that according to vigor and spread, populations of I. parviflora are much better adjusted to the foreign environment of Northern Europe when compared to I. glandulifera.
Currently the environmental parameters for studies within species remain elaborated to a much lower extent when compared to analyses at the species level [63, 64] . That is why in each study different characteristics of population habitats/environment are considered. In addition, one site might be named under one type of habitat feature, while the other site is named in relation to another environmental factor. In the present study, several natural and anthropogenic environmental factors were taken into account, classifying populations with respect to presence/absence and extent of each factor separately.
According to the percentage of polymorphic loci, higher molecular diversity was characteristic of I. parviflora growing in overmoistured sites. A larger percentage of polymorphic loci might be an opportunity for annual I. parviflora every year to adjust to severe transitions of environment during life history: at the beginning flood and later on survival on drier soils. Relative resistance of I. parviflora to drier habitats when compared to I. glandulifera could also support the idea that overmoistured environments are not very favorable for the spread of I. parviflora.
Propagule pressure [65, 66] has been identified as an important ecological factor facilitating successful invasions. There is much evidence that forest road networks, soil and other human-mediated disturbances promote invasions in more Central or Western countries of Europe [12, 45] . Presumably the same is true for more Northern European areas such as Lithuania. Our study shows that for I. parviflora the most important corridors for invasion are places partially covered by broadleaved trees growing both in the cities along the main avenues or forest roads, in particular, those leading to the wild tourism areas (e.g., canoe sport and camping places). All populations of I. parviflora were observed next to bigger or smaller roads or at least parallel to a path. As a rule populations extend along roads rather than from the road into the depth of the forest/city park where light gaps also might be available. Since the 1990s strong intensification of national and international transport took place in former socialist bloc. This period coincides with increased concern about I. parviflora and other alien species in Baltic countries. Due to ballistic dispersal, seeds might succeed to the middle part of the roads and could be easily acquired by tyres. It appears that in Lithuania transport is the main donor of I. parviflora seeds and acceptors of the seeds are eroded soils along motorways. This is not true in the case of I. glandulifera, for which a very important way of distribution in Lithuania is until now a lasting interest in cultivation of this species and transportation of seeds and seedlings.
Although significant, correlations between genetic and geographic distances of populations of Lithuanian I. parviflora were not big. Our results are in support of the data obtained for other selfing species [50] . RAPD data suggest the probability for multiple routes of invasion of I. parviflora to Lithuania, which is rather far from the initial site of settlement of this species in Europe [34] . After a single introduction of this species, uncontrolled spread in various directions started. Lithuania is a very special location, assumed to be the geographical center of Europe and surrounded by several countries in which the presence of I. parviflora was documented earlier [7, 10, 11, 34] . Hereby, our RAPD analyses indicate multiple introductions of this species in Lithuania, similar to what was suggested in the case of molecular studies of I. glandulifera [32] and Bunias orientalis [24] . Data obtained by us for I. parviflora of more Northern European locations are in support of the complexity of invasion routes observed for other alien species from Central and West European countries [19, 21, 26] .
In conclusion, analyses of I. parviflora at SSR and RAPD loci show that in Northern Europe, the invasion process is very complex, intense and reflected in genetic structure, which facilitates adaptation of populations to various humidity conditions and other obstacles in the way of expansion.
